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(54) Process for cutting an optical fiber 

(57) A process for cutting or splitting at least one op- 
tical fiber (3) at a predetermined angle, wherein the fiber 



(3) is introduced into a holding and positioning device 
(7) and is cut by a pulsed laser beam (L.). 
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Description 

[0001] The invention relates to a process for cutting 
at least one optical fiber at a predetermined angle, 
wherein the fiber is introduced into a holding and posi- 5 
tioning device. 

[0002] Optical fibers made of glass are often used in 
optical transmission systems and other optical systems. 
The machining of the end face of these fibers plays a 
crucial role during the use of these monomode or mul- 
timode fibers. It is important that the end faces have a 
particularly uniform surface so that the transition from 
one fiber end to another or to an active element can be 
carried out with damping values which are as low as 
possible. It is also important that the end faces of the 
fibers can be produced at predetermined angles and 
that these angles are reliable and reproducible. 
[0003] Various mechanical processes are currently 
known for severing optical fibers. With all processes, the 
fiber is essentially fixed in a holding device consisting 
of two holders which are then mutually offset, for exam- 
ple, so that the correct angle is ensured during the cut- 
ting operation. Diamond cutters, for example, are used. 
It is also known to twist the fiber or begin to cut and then 
break the fibers which are to be cut. All these processes 
are expensive. In addition, they are also applicable to 
the parallel fibers of a ribbon cable only under certain 
conditions. 

[0004] It is known from EP 531 225 that in order to 
sever an optical fiber, the optical fiber may be fixed be- 
tween two carriers of a holding and positioning device, 
then one of the carriers is offset perpendicularly to the 
optical axis of the fibers and a cutting blade is used to 
cut the fibers at a desired angle. This process can also 
be used for the number of fibers in a ribbon cable which 
are arranged parallel to one another. 
[0005] It is an object of the invention to provide a proc- 
ess for cutting at least one optical fiber with a high de- 
gree of accuracy relative the cutting angle that is pro- 
duced. 

[0006] The object is achieved by a process having the 
steps of one of claims 1 or 2. The sub-claims provide 
advantageous developments. 

[0007] With the process according to the invention for 
the cutting of at least one optical fiber at a predetermined 
angle, the fiber is introduced into a holding and position- 
ing device and the fiber is then cut by means of a laser 
which delivers short, high-power pulses. As a result, a 
fiber end face can be produced at a predetermined an- 
gle with a high reliability with respect to the angle de- 
sired, while the fiber end face that results is very uniform 
such that additional machining of the fiber end face is 
unnecessary. 

[0008] It is also particularly advantageous that only a 
minimal quantity of glass is melted during the cutting of 
the fiber. The holding and positioning device is designed 
so that the fiber is fastened therein, the device is adjust- 
able at predetermined angles relative the laser beam, 



and the fiber can be moved through the laser beam 
when the laser beam is activated. A C0 2 laser, for ex- 
ample, can be used. C0 2 lasers have proven particular- 
ly advantageous owing to the high speed at which they 
can operate and the resultant cost effectiveness. The 
fiber material is removed by ablation by the C0 2 laser 
during the cutting process. The glass is not melted in 
the process, but sublimated. It is also possible to use 
excimer lasers. 

[0009] The C0 2 laser is operated in a pulsed mode 
for cutting the fiber. The pulse energy is very high. The 
pulses are very short and have very steep edges, in oth- 
er words the maximum pulse energy is achieved very 
rapidly. The peak power of the pulse is between 0.1 and 
1000 watts, the pulse length being > 50 fs. Very good 
results are achieved with a C0 2 laser (wavelength 10.6 
u.m) having a pulse length of 35 u.s and a peak power of 
600 watts. Other lasers with wavelengths between 0.1 
and 1.5 urn and 8.5 ujti to 10 jim can basically also be 
used. 

[0010] Whereas former mechanical systems have 
typical angle tolerances of +/- 0.5u., angle tolerances of 
less than 0.2u. can be achieved with the process accord- 
ing to the invention. With the present process it is pos- 
sible to cut not only individual fibers at an angle, but also 
fibers of a ribbon cable. 

[0011] An embodiment of the invention will now be de- 
scribed with reference to the figures: 

Fig. 1 is a schematic view of an optical waveguide 
with a coordinate system and a laser beam; 

Fig. 2 is a cross section through one end of an op- 
tical waveguide; and 

Fig. 3 is a schematic view of optical waveguides of 
a ribbon cable which are fastened in a holding and 
positioning device. 

[0012] A laser L A from which a laser beam L s issues 
is initially required for carrying out the process of cutting 
a fiber 3. The laser beam L s is concentrated by a lens 
1 . The laser beam L s , once concentrated in this way, 
impinges on the optical fiber 3. The optical fiber 3 is a 
glass fiber, for example a monomode or multimode fiber. 
As shown in Fig. 2, the fiber 3 consists of a fiber core 4 
and a fiber sheath 5 so that the light is guided substan- 
tially in the fiber core 4. The fiber 3 is arranged in a hold- 
ing and positioning device and is orientatable relative to 
the laser L A . For example, it can be orientated along the 
axis a Y and then be moved along the axis X relative to 
the laser beam L s . However, it is also possible for the 
fiber 3 to be moved along the axis a x . A surface 6 of the 
fiber 3 is produced at an inclination angle to the fiber 
axis, as shown in Fig. 2. The angle of inclination should 
be accurately reproducible, and this is achieved by the 
proposed process. For carrying out the process, the la- 
ser transmits short high-energy pulses of laser light, so 
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that the material of the fiber is sublimated. 
[0013] A very accurate and high quality surface of the 
fiber is achieved by "laser cutting", so additional machin- 
ing of the fiber surface after cutting, as is normal with 
mechanical cutting processes, is no longer necessary. 
The fiber end face 6 is finished sufficiently after cutting 
with the laser. 

[0014] As shown in Fig. 3, with the process according 
to the invention, it is possible not only to cut an individual 
fiber and adequately finish the end surface at the same 
time, but it is also possible to cut a bundle of fibers 3 
orientated parallel to one another, for example a ribbon 
cable, simultaneously with the same surface qualities. 
For this purpose, the fibers 3 that make up a bundle (rib- 
bon cable) are introduced into a positioning device 7. 
The positioning device 7 ensures that the fibers 3 are 
arranged parallel to one another. The longitudinal axis 
of the fibers 3 coincides, for example, with the X-axis of 
a coordinate system. The positioning device 7 can now 
be driven along the direction of the Y-axis in a manner 
that ensures that the fibers 3 remain in parallel orienta- 
tion. A laser beam L s , of which the direction is inclined 
by an angle a to the Z-axis, is concentrated onto the 
fibers 3 by means of a lens 1 and operated in a mode 
with short high-energy pulses described above. The fib- 
ers 3 pass through the laser beam L s and are thus cut 
and the end faces simultaneously finished. 
[0015] Advantageously, this process ensures that all 
fibers of the ribbon cable are cut at the same angle with 
an equally high end face quality. 



actuating a laser device to deliver the beam (1^) 
in short high-power pulses; and 

moving the fiber (3) through the beam (L^). 

5 

3. The process according to claim 1 or 2 wherein a 
plurality of fibers are introduced into the holding and 
positioning device parallel to one another and mov- 
ing the beam across the plurality so that the fibers 

10 are cut in succession. 

4. The process according to claim 1 or 2 wherein the 
fiber is a ribbon fiber having multiple fibers therein. 

15 5. The process according to claim 1 or 2 wherein the 
laser is a C0 2 laser. 

6. The process according to claim 5, wherein the laser 
device delivers pulses with peak power between 0. 1 

20 and 1 000 watts and the pulse length is greater than 
50 fs. 

7. The process according to claim 5, wherein the laser 
device delivers pulses at a wavelength of 10,6 urn 

25 having a peak power of 600 watts and a pulse length 
of 35 jis. 
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Claims 

1. A process for cutting at least one optical fiber at a 35 
predetermined angle, the process comprising the 
steps of: 

introducing the fiber (3) into a holding and po- 
sitioning device (7); 40 

orienting the fiber (3) at a desired predeter- 
mined angle relative a laser beam; 

actuating a laser device to deliver the beam (Lg) 45 
in short high-power pulses; and - moving the 
beam (L^) across the fiber (3). 

2. A process for cutting at least one optical fiber at a 
predetermined angle, the process comprising the 50 
steps of: 

introducing the fiber (3) into a holding and po- 
sitioning device (7); 

55 

orienting the fiber (3) at a desired predeter- 
mined angle relative a laser beam; 



EP 0 987 570 A1 




EP 0 987 570 A1 




5 



EP 0 987 570 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 11 8372 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION <lnt.CI7) 



PATENT ABSTRACTS OF JAPAN 

vol. 003, no. 053 (M-058), 

8 May 1979 (1979-05-08) 

-& JP 54 030590 A (NIPPON TELEGR & TELEPH 

CORP), 7 March 1979 (1979-03-07) 

* the whole document * 

DATABASE WPI 

Section Ch, Week 198323 

Derwent Publications Ltd., London, GB; 

Class F07, AN 1983-54620K 

XP002127212 

-& JP 58 070767 A (AS AH I SCHWEBEL KK), 
27 April 1983 (1983-04-27) 

* the whole document * 

PATENT ABSTRACTS OF JAPAN 

vol. 007, no, 265 (M-258), 

25 November 1983 (1983-11-25) 

-& JP 58 145387 A (TOKYO SHIBAURA DENKI 

KK), 30 August 1983 (1983-08-30) 

* the whole document * 

PATENT ABSTRACTS OF JAPAN 

vol. 005, no. 028 (C-044), 

20 February 1981 (1981-02-20) 

-& JP 55 154337 A (NIPPON TELEGR & TELEPH 

CORP), 1 December 1980 (1980-12-01) 

* the whole document * 

FR 2 538 916 A (THOMSON CSF) 
6 July 1984 (1984-07-06) 

* page 7, line 32 - line 34 * 

* page 8, line 1 - line 30 * 

* figures 5-8 * 



1-5 



G02B6/25 



1,2,5 



1,2 



TECHNICAL FIELDS 
SEARCHED (lnLCI.7) 



G02B 



1-5 



1-4 



The present search report has been drawn up for all claims 



Race of search 

THE HAGUE 



Data of completion ot the Match 

11 January 2000 



Examiner 

Mathyssek, K 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant it taken alone 

Y : particularly relevant if combined with another 

document o! the same category 
A : technological background 
0 : non-written disclosure 
P : intermediate document 



T ; theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 



& : member of the same patent family, corresponding 
document 



6 



EP 0 987 570 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 11 8372 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.7) 



EP 0 442 202 A (AMERICAN TELEPHONE & 
TELEGRAPH) 21 August 1991 (1991-08-21) 
* the whole document * 



1,2 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



The present search report has been drawn up for all claims 



Placed search 

THE HAGUE 



Date of completion ot the search 

11 January 2000 



Examiner 

Mathyssek, K 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant it combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : Intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the tiling date 
D : document cited in the application 
L : document cited for other r 



& : member of the same patent lamily. corresponding 
document 



7 



EP 0 987 570 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 11 8372 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EOP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

11-01-2000 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



JP 54030590 


A 


07- 


-03- 


1979 


NONE 








JP 58070767 


A 


27- 


-04- 


1983 


NONE 








JP 58145387 


A 


30- 


-08- 


1983 


NONE 








JP 55154337 


A 


01- 


-12- 


1980 


JP 


1187002 C 


20-01- 


1984 












JP 


58017925 B 


11-04- 


1983 


FR 2538916 


A 


06- 


-07- 


1984 


NONE 








EP 0442202 


A 


21- 


-08- 


1991 


US 


5048908 A 


17-09- 


1991 












0E 


69030077 D 


10-04- 


1997 












DE 


69030077 T 


18-09- 


1997 












JP 


2948334 B 


13-09- 


1999 












JP 


4213411 A 


04-08- 


1992 



2 



w For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



8 



